Introduction {#S0001}
============

Malaria remains a major public health problem in Cameroon and control strategies adopted by the National Malaria Control Programme (NMCP) include: prompt management of confirmed cases with artemisinin-based combination therapy, promotion and distribution of insecticide-treated nets (ITNs), intermittent preventive treatment with sulphadoxine-pyrimethamine for pregnant women, environmental hygiene, etc. \[[@CIT0001]\] Since adoption of ITNs as key preventive tool in 2002, several campaigns of free distribution of ordinary nets and latterly, long lasting insecticides treated nets (LLINs) were conducted all over the country, with priority given to pregnant women and children below five years. However, recent data \[[@CIT0002]\] suggest that net possession and use remain low. While 52% of households possess any net, only 36% own an ITN, and only 28% of children below 5 years were reported to have slept under a net, with 21% under an ITN. One of the objectives of the Ministry of Health is to have 80% of children below five years sleeping under LLINs by 2015 \[[@CIT0003]\]. Thus, to increase net possession, the NMCP has launched in August 2011 a national campaign for distribution of free LLINs to households, for universal coverage of the population. However, one of the greatest challenges is its effective use by individuals. Previous studies have shown that several factors influence net use. At individual level, these include: knowledge, beliefs, risks perception about malaria and perceived benefits of ITNs \[[@CIT0004]--[@CIT0012]\], age, sex and education level of individuals \[[@CIT0010], [@CIT0013]--[@CIT0016]\]. Household level factors include: net density \[[@CIT0010], [@CIT0017]--[@CIT0019]\], hanging status, paying for a net instead of obtaining free \[[@CIT0020]\] household size, age, education and occupation of household head \[[@CIT0010], [@CIT0019]--[@CIT0022]\], structure, space, types of sleeping units and intra-household sleeping arrangements \[[@CIT0006], [@CIT0007], [@CIT0023]\] and household decision making processes \[[@CIT0024]\]. In addition, net characteristics (age, shape, colour, condition, etc.) have also been associated with its use \[[@CIT0010], [@CIT0014], [@CIT0019], [@CIT0020], [@CIT0025]\]. Other factors include climate and temperature associated with increased net use in the rainy season or reduced use during excessive heat \[[@CIT0004], [@CIT0026], [@CIT0027]\], as well as socio-cultural and socio-economic activities which can temporary reduce net use even among regular net users \[[@CIT0026]--[@CIT0028]\]. However, many of these studies have analysed net use with respect to vulnerable groups (pregnant women and children below five years) while the current strategy is universal coverage of the whole population. In this study, we used an unbiased population to analyse and identify modifiable factors where efforts should be channelled to, in order to increase net use in households and further reduce malaria transmission.

Methods {#S0002}
=======

Description of the study area {#S20003}
-----------------------------

The study was conducted in Mfou health district in the Mefou and Afamba division, Centre region of Cameroon. This is a forest area, with a population estimated at about 71373 in 2011, mainly farmers and traders \[[@CIT0029]\]. The headquarters of the district (Mfou urban) is a semi-urban area located at about 25 km from Yaoundé, the capital city of Cameroon. The climate is equatorial with four seasons, two wet and two dry. Several small streams from the Mefou and Afamba River irrigate major parts of the area. Mfou is hyperendemic for malaria and transmission occurs all year round, with peaks during the rainy season and transition to the dry season (March-June and September-October). A survey conducted in February 2011 showed that *Plasmodium falciparum* was the main malaria species, while *Anopheles gambiae* s.s. was the major malaria vector in the area (Tchinda et al., unpublished observations).

Study design {#S20004}
------------

This was a cross-sectional descriptive and analytical survey, conducted during the month of July 2011 after the rainy season. A two-stage cluster random sampling was used to select 4 health areas (Mfou, Nkilzok, Nkongoa and Nsimalen) among the 12 that constitute the district. The number of households per health area was selected proportionally to its population and sample size was calculated based on the proportion of children below 5 years who slept under any net the previous night \[[@CIT0030]\].

A structured household questionnaire was used to capture individual characteristics (age, sex, education level, status in the household, main occupation, net use), household characteristics including: family size, living standard, net possession and their number, household head\'s knowledge about malaria, his perception of malaria as a serious disease, characteristics of house construction and the external environment surrounding households. Net characteristics (type, possession time, whether re-impregnated) were recorded as well. Interviews were conducted orally in French language and primarily with household heads or the spouses, and in case of absence, another adult member able to provide reliable information. Due to low level of education of some respondents in remote rural areas, community health workers provided translation to some of the questions when necessary in local language. The questionnaire was pre-tested in a non-survey area to determine the validity of pre-coded answers. An ethical clearance was obtained from the Institutional Ethics Committee of the Institute of Medical Research and Medicinal Plants Studies. Household heads gave their informed consent before initiation of the questionnaire.

Data management and statistical analyses {#S20005}
----------------------------------------

Questionnaires were carefully reviewed after data collection, and data entry was performed in CSPro (version 4.0). All analyses (descriptive, univariate and multivariate) were performed in SPSS (version 18.0) and threshold for statistical significance was set at p\<0.05. Analysis of the association between net use and independent variables was restricted to individuals living in households owning at least one net and who spent the previous night in households. The reported use/not use of a net the previous night was the dependent variable.

Net density was calculated by dividing the number of nets per household by the number of individuals and this was categorized as "low density" (ratio\<0.5) and "high density" (ratio=0.5). The household living standard was derived from relevant characteristics that were discriminative in both rural and urban Mfou areas: "type of floor material", "type of wall material", "type of toilet", and "presence of a clock". This was done using multiple correspondence factor analysis. Households were categorized as having "low", "medium" and "high living standard". Household head\'s knowledge on malaria was based on the knowledge that mosquito bites transmit malaria and that sleeping under an ITN is currently the most effective method to prevent it. Respondents were categorized as having "good" or "average" knowledge. Perception of malaria as a serious disease was derived from three variables that determined whether malaria is: 1) a serious disease, 2) the leading cause of death in Cameroon and 3) the most prevalent disease in Cameroon. Respondents were categorized as having "good" or "average" perception about the seriousness of malaria. The environment of households was compounded from three variables including "presence of swampy areas/water ponds or rivers/streams", "presence of bush/forest" and "household waste". This was classified as environment "less suitable" or "very suitable" for mosquito proliferation. The characteristic of house was derived from three variables: "presence of a ceiling", "presence of doors/or windows" and "presence of holes on walls". This variable was classified as "secured" and "unsecured" for mosquito access.

All relevant variables that might explain the use of a mosquito net were used individually in univariate analysis (bivariate analysis of the association between each explanatory variable and the dependent variable). The relevance or choice of a variable was based on literature review (previous studies) and the context or environment of the study area. Only independent variables having a p-value≤0.10 in univariate logistic regression models were included in multivariate analysis. As no perfect or very high linear relationship should exist between two or more explanatory variables, a correlation matrix (multi-colinearity test) was performed with variables significant at this cut-off, in order to identify possible correlations. When two variables had a correlation coefficient of 0.6 or higher only one of them was included in the multivariate model. The correlation matrix showed that some variables such as age and occupation were highly correlated, which allowed us to eliminate the variable occupation. Variables were included one at a time, starting with the variable with greater statistical significance with the dependent variable. The variable not significant at p\<0.05 was removed before inclusion of the subsequent variable, and so on and so forth, until the final model where all independent variables were significant was reached.

Results {#S0006}
=======

Description of households, net possession and use rates {#S20007}
-------------------------------------------------------

A total of 323 households among the 541 surveyed, owned at least a net, giving a net possession rate of 59.7%, thus about 3 households out of 5. A total of 656 nets were declared in these households, with 18% being non-impregnated nets, 64.2% ordinary ITNs and 7% LLINs. The average number of nets per household was 2.0±1.2 with an average possession time of 2.3±1.6 years. Seventy nets (10.7%) were reported having been treated at least once with insecticides since an average period of 0.6 ± 0.7 year. In total, 4046 individuals were declared in households, 2259 among them resided in households owning at least a net and 962 slept under a net, giving a use rate of 42.6%. [Table 1](#T0001){ref-type="table"} gives the description of households, net possession and use rates. Looking at the age and sex-related use of net, the highest proportion of individuals using net the previous night was recorded in adults aged 25-49 years, followed by children aged below 5 years, while the lowest proportion was recorded among school-aged children and adolescents aged 5-24 years. No significant difference was observed with sex; however, females above 14 and less than 50 years tend to use nets more than men. [Figure 1](#F0001){ref-type="fig"} shows the age and sex-related use of nets by individuals.

![Age and sex-related use of net by individuals](PAMJ-12-112-g001){#F0001}

###### 

Description of households, net possession and use rates

  Characteristics                                                               Area of residence   Total            
  ----------------------------------------------------------------------------- ------------------- ---------------- ---------------
  Number of health areas                                                        01                  03               04
  Number of households                                                          231                 310              541
  Number of households owning at least a net                                    140                 183              323
  Proportion of households owing at least one net                               60.6%               59.0%            59.7%
  [\*](#TF0001){ref-type="table-fn"} Average number of nets own per household   2.1±1.2 (1-6)       1.9±1.2 (1-7)    2.0±1.2 (1-7)
  Total number of individuals                                                   1615                2432             4046
  [\*](#TF0001){ref-type="table-fn"} Average family size per household          7.0±3.3 (1-22)      7.8±4.6 (1-29)   7.5±4.1(1-29)
  Number of individuals in households owning at least a net                     920                 1339             2259
  Proportion using net among the general population                             43.2%               42.4%            42.6%
  Proportion using net among children under 5 (N=637)                           57,3%               50,5%            53.4%
  Proportion using net among pregnant women (N=65)                              44.4%               42.9%            43.6%

Values are mean± standard deviation and range (minimum, maximum)

Univariate logistic regression analysis of the association between net use and explanatory factors in households owning at least one net {#S20008}
----------------------------------------------------------------------------------------------------------------------------------------

At the individual level, factors significantly associated with net use were: children below five years (OR=1.66, 95% CI: 1.33-2.08) compared to individuals above five years; age 5-24 years (OR=0.39, 95% CI: 0.31-0.50) compared to children below five years; secondary education (OR=1.45, 95% CI: 1.18-1.78) and university level (OR=1.81, 95% CI: 1.26-2.61), compared to primary/no education. Regarding the main occupation of individuals (≥6years), unemployed persons or employed/retired ones had between 2-3 fold increases in net use compared to students ([Table 2](#T0002){ref-type="table"}). Also, parents relative to their children in general, had close to a threefold increase in net use (OR=2.94, 95% CI: 2.39-3.63).

###### 

Univariate analysis of factors associated with bed net use

  Independent factors                                                     Total persons N=2259   Number used net last night N=962   \% used net last night   Odds ratio   95% CI[\*](#TF0002){ref-type="table-fn"}   p-value   
  ----------------------------------------------------------------------- ---------------------- ---------------------------------- ------------------------ ------------ ------------------------------------------ --------- --
  Individual characteristics                                                                                                                                                                                                   
  Age groups (years)                                                      \< 5                   371                                198                      53.4%        1.0                                                  
  5-24                                                                    1082                   335                                31.0%                    0.39         0.31-0.50                                  0.000     
  25-49                                                                   487                    281                                57.8%                    1.20         0.91-1.57                                  0.194     
  ≥50                                                                     211                    107                                51.0%                    0.91         0.65-1.27                                  0.57      
  Sex                                                                     Male                   1030                               425                      41.4%        1.0                                                  
  Female                                                                  1229                   537                                43.8%                    1.10         0.93-1.30                                  0.24      
  Child \< 5 years                                                        No                     1775                               723                      40.7%        1.0                                                  
  Yes                                                                     371                    198                                53.4%                    1.66         1.33-2.08                                  0.000     
  Pregnant woman                                                          No                     689                                313                      45.4%        1.0                                                  
  Yes                                                                     39                     17                                 43.6%                    0.92         0.48-1.77                                  0.823     
  Education level                                                         Primary/none           764                                266                      34.8%        1.0                                                  
  Secondary                                                               817                    357                                43.7%                    1.45         1.18-1.78                                  0.000     
  University                                                              140                    69                                 49.3%                    1.81         1.26-2.61                                  0.001     
  [\*\*](#TF0003){ref-type="table-fn"} Main occupation                    Students               949                                285                      30.0%        1.0                                                  
  unemployed                                                              286                    134                                46.9%                    2.05         1.56-2.69                                  0.000     
  Farmers                                                                 350                    184                                52.6%                    2.58         2.00-3.32                                  0.000     
  Employed                                                                220                    127                                57.7%                    3.18         2.35-4.30                                  0.000     
  Status in the household                                                 Children               1409                               525                      37.4%        1.0                                                  
  Parents                                                                 521                    331                                63.8%                    2.94         2.39-3.63                                  0.000     
  Other                                                                   320                    105                                32.8%                    0.82         0.63-1.06                                  0.12      
  household size                                                          Small                  351                                196                      56.3%        1.0                                                  
  Medium                                                                  702                    349                                49.9%                    0.77         0.59-1.01                                  0.051     
  Big                                                                     396                    156                                39.4%                    0.50         0.38-0.67                                  0.000     
  Very big                                                                810                    261                                32.3%                    0.37         0.29-0.48                                  0.000     
  Household living standard                                               Low                    1140                               479                      42.2%        1.0                                                  
  Medium                                                                  594                    274                                46.1%                    1.17         0.96-1.43                                  0.122     
  High                                                                    525                    209                                40.0%                    0.91         0.74-1.12                                  0.382     
  Net density                                                             Ratio \< 0.5           1961                               721                      36.9%        1.0                                                  
  Ratio≥0.5                                                               298                    241                                80.9%                    7.22         5.34-9.78                                  0.000     
  Good                                                                    199                    127                                63.8%                    1.24         0.75-2.06                                  0.402     
  House\'s construction                                                   Secured                652                                252                      38.8%        1.0                                                  
  Unsecured                                                               1508                   664                                44.2%                    1.25         1.04-1.51                                  0.019     
  Area of residence                                                       Urban Mfou             920                                397                      43.2%        1.0                                                  
  Rural Mfou                                                              1339                   565                                42.4%                    0.96         0.81-1.14                                  0.685     
  [\*\*\*](#TF0004){ref-type="table-fn"} Characteristics of environment   Less suitable          1491                               580                      39.1%        1.0                                                  
  Very suitable                                                           703                    350                                49.9%                    1.55         1.30-1.86                                  0.000     

CI: Confidence interval

Analysis restricted to individuals aged≥6 years

Environment was characterized as been less or very suitable for mosquito proliferation.

At the household level, increasing net density was significantly associated with net use (OR=7.22, 95% CI: 5.34-9.78). While, increasing family size was significantly associated with a 50 and 63% reduction in net use by individuals, respectively in big (8-10 persons) and very big (≥11 persons) sized families, compared to small ones (≤5 people). Additionally, houses allowing easy access to mosquitoes (OR=1.25, 95% CI: 1.04-1.51) and environment favourable to mosquito proliferation (OR=1.55, 95% CI: 1.30-1.86) were all significantly associated with increased net use ([Table 2](#T0002){ref-type="table"}). On the other hand, increased net use was observed among household heads with good knowledge on malaria (OR=1.38, 95% CI: 0.86-2.22) or good perception on its severity (OR=1.24, 95% CI: 0.75-2.06), compared to those with average or approximate knowledge or perception. However, no significant difference was observed between these two groups.

Multivariate logistic regression analysis of the association between net use and explanatory factors in households owning at least one net {#S20009}
------------------------------------------------------------------------------------------------------------------------------------------

The final multivariate model consisted of 06 variables that were significantly associated with net use by individuals ([Table 3](#T0003){ref-type="table"}). The most determinant factor associated with increasing odds of nets been used was its density in households. Individuals residing in households with one or more nets per two persons, had a 9 fold increase in chances of using a net, compared to those living in households with lower net density (OR=8.88, 95% CI: 6.24-12.64). Age was significantly associated with reduced net use, taking as reference group children aged less than five years. In fact, after adjusting with other factors, school-aged children and adolescents aged 5-24 years, adults aged 25-49 years and older household members (≥50 years) had respectively, 66, 41 and 71% reduction on chances of using net compared to this reference group. Also, parents (heads of households and their spouses) had a threefold increase in chances of using a net (OR=3.32, 95% CI: 2.31-4.76) compared to their children/grand children. In addition, household members with secondary education had 1.4 increase chances of using net (OR=1.41, 95% CI: 1.11-1.80) compared to individuals with primary/no education. Moreover, the external environment of households, favourable to mosquito proliferation (OR=1.46, 95% CI: 1.18-1.80) and houses with easy access to mosquito (OR=1.37, 95% CI: 1.10-1.71) remained significantly associated with net use in the final multivariate model.

###### 

Multivariate logistic regression analysis of association between net use and explanatory factors in households owning at least one net

  Independent factors                                  Odds ratio        95% CI       p-value   p-value test for trend   
  ---------------------------------------------------- ----------------- ------------ --------- ------------------------ -------
  Net density in household                             Ratio \<0.5       1.0                                             
  Ratio≥0.5                                            8.88              6.24-12.64   0.000                              
  Age groups (years)                                   \< 5              1.0                                             0.000
  5-24                                                 0.34              0.26-0.44    0.000                              
  25-49                                                0.59              0.41-0.85    0.005                              
  ≥50                                                  0.29              0.18-0.48    0.000                              
  Child \< 5 years                                     Yes               1.0                                             
  No                                                   0.37              0.28-0.47    0.000                              
  Status in the household                              Children          1.0                                             0.000
  Parents                                              3.32              2.31-4.76    0.000                              
  Other                                                0.81              0.59-1.10    0.180                              
  [\*](#TF0005){ref-type="table-fn"} Education level   Primary or none   1.0                                             0.019
  Secondary                                            1.41              1.11-1.80    0.005                              
  University                                           1.26              0.79-1.99    0.324                              
  Environment (suitable for mosquito proliferation)    Less suitable     1.0                                             
  Very suitable                                        1.46              1.18-1.80    0.000                              
  House construction characteristics                   Secured           1.0                                             
  Not secured                                          1.37              1.10-1.71    0.005                              

The effect of education was assessed in 1822 individuals aged 6 years and above, after adjusting for others factors.

Discussion {#S0010}
==========

This study was designed to identify modifiable factors where efforts should be channelled to in order to accelerate effective net use in households of Mfou health district in Cameroon. Net use was expressed as the proportion of individuals in households owning at least one net, who slept under a net the previous night. Low net density was the most determinant factor of its use by individuals as previously observed \[[@CIT0010], [@CIT0017]--[@CIT0019]\].

Children below five years were the group with high net use after adjusting with other factors, followed by adults aged 25-49 years, with a trend towards a high use in females, while school-aged children and adolescents and older household members remained the groups with lower net use. In fact, previous campaigns of distribution of free ITNs in Cameroon were given priority to pregnant women and children below five years. Moreover, mothers usually sleep with their nursing babies and young children, to make sure they are protected. Thus, the latter would be expected to use net more than other age groups. Conversely, older children usually sleep in separate bedrooms, with less attention to net use. This low net use in school-aged children and adolescents was previously observed \[[@CIT0010], [@CIT0013]--[@CIT0015]\] and is a matter of concern, since the objective now is universal coverage of the population with LLINs, in order to achieve a significant reduction in malaria transmission. If the latter are not protected, they might significantly contribute to transmission when infected, as well as develop severe forms of malaria with increased mortality. Therefore, appropriate health education, targeting particularly this age group is necessary.

Additionally, net use seems to be a privilege for parents in the study locality of Mfou as previously observed.24 Parents here represent household heads and their spouses who have the decision making position in the household. In the context of scarcity of nets and high mosquito nuisance as it is the case in this forest area, bed nets are preferentially used to avoid nuisance and have a quiet night sleep as previously observed in studies conducted in rural African settings \[[@CIT0005], [@CIT0006], [@CIT0011], [@CIT0012], [@CIT0024]\].

As previously reported \[[@CIT0016], [@CIT0021], [@CIT0022]\], education of individuals was significantly associated with increased net use and this is related to the fact that through school education, people acquire biomedical knowledge on malaria, especially its transmission, consequences of the disease and preventive methods. Educated individuals are well prepared to integrate messages about the benefits of ITNs and adhere to its use.

Our findings also suggested an association between increasing net use and poor house\'s construction allowing easy access of mosquitoes, as well as the environment favourable to mosquito proliferation. In fact, Mfou health district is located in the midst of equatorial forest with many swampy areas, water ponds and rivers/streams, which constitute mosquitoes breeding sites. Moreover, most houses in the rural area are made up of mud and wood material, which sometimes have holes of walls. These houses often do not have a ceiling, or doors on bedrooms or windows. The abundance of mosquitoes creates a high nuisance, making populations to use mosquito nets. In line with these observations, previous studies have shown housing characteristics to be associated with increased mosquito numbers in homes \[[@CIT0031]\].

Factors assessed in this study cannot explain in a holistic manner net use by individuals in households owning at least a net. Other factors could also contribute towards the understanding of this complex phenomenon. Moreover, qualitative studies are also necessary for the better understanding of individuals' motivation in using net.

Conclusion {#S0011}
==========

Taken together, our data suggest that for an effective coverage of populations with LLINs, all household members should feel concerned with its use. Thus, while increasing net possession and density within households, it is of paramount importance to conduct appropriate health education targeting especially older children who might constitute reservoir for transmission if not protected. Also, efforts towards management of environment and improvement of house construction are needed to eliminate Anopheles breeding sites.
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